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(57)Abstnict 

A method and apparatus for dis- 
playing the relationship of objects in a 
factoiy on a computer system display. 
A first icon is di^layed (e.g. 325), the 
first icon representing a first dass of 
factory objects. A second icon is dis- 
played, (e^g. 326), the second icon re-, 
presenting a second class of factory ob- 
jects. A first connector connecting the 
first icons and second icons is display- 
ed representing the relationship be- 
tween the Hrst and the second dass of 
factory objects. The first icon is select- 
ed, thus displaying a first list of names 
of all objects comprising the first dass 
of factoiy objects (352). Then, a first 
name from the first list of names is se- 
lected (50D), and a second list of 
names is displayed (344). The second 
list of names comprises the names of 
all objects in the second dass of facto- 
iy objects, associated with the object 
from the first dass having the first 
name. 
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APPARATUS AND METHOD FOR VffiWINH RFLATIONSHIPS 
TN A FACTORY MANAGEMENT SYSTEM 



RArgnROUNn nFTHRTNVENTIQN 
5 1. Field of the Invention 

Thepreseat invention lelates to a syston for factcff^ Moie 
particolariy, this invention xelates to an inteifiaoe used for momtoring of factoiy objects in 
an objeaKniented factory nianageoaent sjrsteoL 
2. Background Information 
10 Miunagemmt a factoiy which manufactmes a product such as seixiic6nductt)is or 

aircraftfor-example, lequiies nx>nitoring the status of all aspects in the factoiy» including 
xaw materials on hand; ccnnponcnts, labor lesouiceSt and machineiy at eveiy 5tq> of the 
manu&cturing process. Also, in order to maintain a fall rangfe of infonnationiegaiding 

'""^BalfrwtopJc^^ 
15 list of cunentwoilcs in progress. Themaintauiingofsuchii^^^ 

dftyrnninfi whether h« Tesoimes are bdng used at flieir fall potentiaL and vitedier stores rf 
- raw nkaials sl^uia be icplenislx^^lt.at5ai^^ the v ; 

status of a custoinefs order and aUow for scheduKng of cHtii^ resoiuces such as labor and 

■ »\ . 

- madiinery^ ■• . ■-.'r:.:-^.: 

20 One prior apiproiKA io n^^ 

management system manufactured fay Consilium, Inc. of Mountain View, Califoraia. In 
the WORKSTREAM systm, raw materials, machines, labcn^ units, and finbhed i»oducts 
maybeviewedormampulated. An approadi taken by the WORKSTREAM system and 
other factory management systems is to pronopt mexs for input from a keyboard to 

25 detennine the status ctfbbor, machines and other things in the factc^ In 
addidon, diis product aUowed the tracking of products as they were manufactured to allow 
scheduling and effident resource management forrunnihg the facioiy at its fallest potential. 
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lliis system would query the user diuing (cd^ 
wouM iiq>ut that infiaimatum after bdng pron^^ 

One probl»i with previous systetm w , 

9\>i^ swh as Graq)pn»ts, Tiaw was not . , , 

5 clearly presented to At user of the system. Ih addition, the factoiy structure was not 

■ ■ ■■ k 

clearly defined in Aesysteni and thus was not cleariyrqiresenied to the us^ Thispriorart 
systeni also did not present a way in wMcA various infonnation could be li^ 
nGianufacturedpiodi»^i^ 

I^asdy, the sy Stan did not provide a way of viewing numuf actum 
10 product in the system, or for testing to assikl^ t^^ 

, ..^ I . ...... 

■.-,3 ■ 
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SUMMARY AND OBJECTS OF THE TNVRNTION 

One of the objects of the present invention is to provide a clear representation of the 
organization of objects in a factoiy for access and manipulation by a user. 

Another o^ect of the piesem invention is to povide a ^teni whi^ 
S illustrates to a user the organization ci die factory. 

Another object of the present invention is to provide a system which displays a 
factoiy in such a way that a user of the system can easily monitor resources, raw materials 
and components in the manu&cturing process. | 

These and odier objects of die present invention m pro\aded for by a method and 
10 apparatus for displaying die relationship of objects in a factoiy 
display , by displaying a first icon, the &st icon 

In a particular embodiment, die first class may be a factoiy, for example. A second icon is 
displayed, the second icon iqir^^ 
embodimrat, the second class may be wodc areas in a factory. 
* 15 :> die first ia>n and seco 
- i^^^ ^ and tftesecorid class of factory objects^ v 

first list of nanies of all objects coniprising die first class of fac^^ 
nanies in a psoticular embodiment the^ 
; sdec^ed^andasecondlistof riamesis£q>by6d The second list of names conqirises die 

20 names ofaU objects in die second class of ftctmy objects associated widith^ 

the first class having the first name. In a particular embodimenti^the second list of names 
comprises aU worlc areas in die particular factory sdeae^^ 

other foctory objects may be displayed such as items, work oid^, ccmiponents, scripts, 
A test plans, w(Hk cells, work stations, storage areas» machines, and labor, among others. . 
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BRffiFDESCRIPnO>rnFnPAWIMOS 



ThepresehtinvcndonisiUustiatedbywayQfexanipleandiiotl^ ^ 
fifores of the acconq>anying in ««icb lite 

winch: • • • 

5 ' Hgiire 1 shows a blbdt diagram of Ihe s^^ dus ^iicioiy management system 
of die prefened embodiment ]| 

Bgme 2 shows die orgaidzadin Q&factoiy objeet dasses in the (H^^ 
embodimraiL 

I ' Kguie S shows the browser interf^e of th^^ - 

10 I^go*^ 4 shows selecting an object and populatm^ 

. ... . ... . . . . . y , . . 

1 Rg«n« 5 shows populating a secon^^^ 

- r\ JBgOre 8:.$h6ws hpw WQikstdtiph^ay^^^ areas and vicervewa.'-^ • ^ ^ - ^ ^ 

HgiTO 9 shows bow woik sltatibns^ 
.CTbodimentk . '-^ 
. .1., ^ ' ^ - Hgure iO ^^ows how a stdorage ai^i may fe^ ai^ in the " ^ ' - " 

20" prcfarcacmbodiftienL ^ . - . . : 

Figure 11a shows populating the browser window with an Item otject fiom the 
Process Gonfignrationsecdon of thebrowller map. 

Hguie lib shows a selected icm cl a ^ 
heading fined in. ' ^ 

25 Rgure 12 shows populating a second column by selecting an item name from the 

first column of the browser 
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iMgnres 13 and 14 show various pull down menu options which are available on the 
browser window. 
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DETAILED DESCRTPTFON 

An appsxaim and method for displaying objects in a fiauctory management system is 
desdibed. In the following description, for die purposes of explanation, specific 
configinations, fidds* and objiects are described in order to provide a thoiough 
5 understanding of the present invention* However, it will be apparent to one skilled in the 
art tlmt Represent invention may be pracdc^ without these s^^ In odier 

instances, well known hardware devices are^own in block diagram fona in order to avoid 
unnecessarily obscuring the present invendcHi. 

RefenmgteHgp&l.afa^ Two 
10 users 101 and 102 may be active upon system 100 and communicate on system 100 
dnough terrmnals III and 1 12. User 101 n^y be communicating on system 100 via 
, tenninal 111 and user 102 may be convntrnj^ating infonnation on system 100 via tmninal 

- OTi^^^ and li2^compris&a 1: 

v4S-: k^boaid,12|^ * ^ 

: inputting infq^^ ii& ternma^^^ IH ar^^^ Cacsx^ controls 123 and 124 are used 
v for nx>ving and select information on t^bihal screens 111 and 122. Cursor controls \ 
;/ 123and.l242^ 

. embodiment Jtnay be som^^ 
20 example. In flie preferred embodiment, eaci niouse 123 and 124 comprises two selection 
buttons (131 and 132 for device 123, 133 and 134 for device 124) for "selecting" regions 
on sdPeens ill arid 1 12. Selection is done%1de|>ressirig one of the buttons on die 
' i^6rr^^ 

^Hcation, is loiown as "MB1~ (mouse button 1) and die odier is known as **MB2*' 
25 (mouse button 2). Hdier the ri^ or Idt button on the input device may be configured, in 
the preferred embodiment, as the primary selection button •TMBL" For instance, cm input 



wo 92/08184 



PCr/US91/08043 



device 123* for a right-handed user, button 131 may be set up as and 132 may be 
"NfflZ" For a left-handed user, the selection button asrignment may be reversed 

Each of the input devices 111 and 112 aie coupled to their conesponding server 
devices 121 and 122. These provide an interface to die remainder of system 100 from each 
5 lespecdve input device. Terminal servers 121 and 122 are cqupled to a file server 130 
wUdi provides access to a database 140 containing the infonpadcHi xegaiding factory 
objects in the factoiy configured in the piefened embodiment 

Each node on system 100 such as terminals 111 and 112 may be an X-teraiinal and 
each of thdr ccnresponding servers shown as 121 and 122» miay beoneof the VAX family 
10 of computers manufactured by Digital Equipment Qxporatioh (DEQ of Waltham, 
, Massachusetts. In die preferred embodiment, servers 121 ah|l 122 are <me of die VAX 

4000 or 3100 series of work stations. In the preferred emboclirnent, servers 121 and 122 
"are 

Massachusetts. Eadi s^er runs the 1>EC-\^dows*' usq; jnteiface environment as a 
45 -:.-sheU wiii^ . 
- embodiment is inqplenieh 

* ■■ • . . ■- f ■ • - . . #..1 • ' : . .... > - 

^ . • ..... . . . ■ :. , . . . , 

System 100 of the piefened embodimmt utilizes a "ojbjject-oriented'' aiqnoach to 
20 structuring die ftcttxiy environment. Each of die resources in the system is considmd an 
whi(^ may be viewed, rnanqiulated or finked widi oth^ object in die systeia 
Attributes may be changed for eadi objept, and objects may be associated widi odier 
objects. A general layout of the objects used in the preferred embodiment is shown in 
Figure 2. Also shown in Hfure 2 is each of the objects* relationships widi respect to one 
25 another. For ampHd^, however, certain leladonships have not been shown. For 
instance, anitem 201 (a product which is produced by die fai^^ 
Older 210, coniponents 211, sciipt 212, and test jdan 202. An item may be a compcment of 
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a laiger it^ to be inanufiactured, or it may be a finished product produced fiom law 
maferi a ls . An item 201, in dider to be nianufactuied,.iimst have a work oidar 210 
assodated widi it Wcnk order 210 will contain such infonnadm as when manu£acniring is 
or wiU be stalled on the iteai» and/or wh»^^ Woilc oida' 210 might 

5 also contain such infomiation as the numb^ofitonswUch were or aieieqi^^ 
mannfactuied. An item may also be linted with such infoxination as lesour^ 
such as labor Qrmachineiy (see objects 2^ and 23 is 
required to manufiEictuxe item 201. 

■ i?..' ■ ■ ■ ■■' " 

' i^&!^don,anitem mayfaayea 

10 components object may include a list of other items which comprise an item 201. 

Alternatively, it may have a list of raw oML|rials (whic^ ?ae also set up as items) which 

coix5>rise 201. In addition, item 201 m^^^ 

production of die iiem.^ This infomaadon ifidodes directions to an operatOT of a partictOar 

:i5. irs^i^^ 

y iprck^ lii^Qd :■ . 

witii a test plan 202, whidh is a seri^of j^&uciibns and/or operations within ^em 100 
* ^-wKch thust bef pieifcfi^^ to indicate v^^CTitcim^M^^ meets ccrtam irdni&uin standanJs to 

operate widiin tolerances/ Fdr imtaho^ 
20 syston lOOl One such system is Imown Oie RSA quality management system 

manufactured by BBN Software Products Corporation of Cambridge, Massachusetts, and 
'''"^ma/<>pen^ . • 

" " " ^addMoiitoddfi^ 

as discussed above, the preferred raibodiibent also allows the structure of the f actoiy to be 
25 defined. The kyout of die foctoiy is done in a Uerarchical fashion (as opposed to the 
relationships in the Process Configurationjsection). That is, parent units represent larger 
portionsof the factoiy arid child objects rejxres^ Thisisalso 
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graphically xcpiesented in Figure 2. As shown in Figuxe 2, factory 220 resides at the 
highest level in the Factory Layout Memchy. The child of factory 220 is ivoik center 221. 
WotIc center 221 may be thought of a subset ci a factory in vdach a cmain set of functions 
are perfom^. As a subset of work center 221, woric ^11 222 is an area of work center 
5 221 in which specific functions are pofonned Lastly/the smallest unit of work areas in 
the factory, is work station 223. Work station 223 is a particular machine or place in vdiich 
either an individual or a linut^ number d individuals petfonn one given task. Coupled to 
work stadon 223, is storage area 224. When items are completed at a work station 223 
they are typically put into a Storage area. Stdrageareai|may feed into wodc stations, v^!^ 
10 stations may feed into storage areas or each of these may feed into another object having the 

sanie class (e.g. woik Station to work statk>n (»: stonig^^area to stcmge area). 
* • In addition to tiie Process Configuration and Fafctoty Layout structure provided ih 
^ 1^ v -the preferred embodiment, the prefened emhodioij^t^^^^ . 
as "Resomcesl" Resoinces in this fifbdel of die piitfei^ embody 
I 15 nKachine 231 and 224. Labor 230is an objed whic^ 
I:;;; " ; aysulaUe.)^^ fsu^^ /LabOT230 indudes each 
Y hours) available for that en^lpyee to woik and wbetfae^ 
(e.gJs at the factory). I^bor may also indicate the skil^ 

employees may not be qualified to work witii certain ec^uiprnent or at certain woik stations. 

20 Therefore, types of labor may be delineated within the factory enviibmnent 

Machine 231 is another resource and functions similarly to labcnr 230. Machines are 
used for manufacturing items in the fectory. Eadi machine may be categorized by 
qualification (such as whether the madiine may manufacture a particular type of item and its 
capacity). ^u:h machine object may also have status indicators such as whether die 

25 machine is currendy apm&ng or is in a maintenance mode and ther^ore unavailable. Such 
a status indicator may also indicate tiiat a particularmadiine is idle and dius available for 
use. The various objects discussed above and shown in Rgure 2 will now be discussed 
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with leference to spedfic examples in oidcr tp provide a clear imctoianding of the 
pxefened embodimeht 

USER INTERFAPR 
5 I^gure 3 shows die **Browsei^ display screen 300 which aUowsvari^ 

the system of thepxefened embodiment to be viewed <m a user temiihal such as 111 or 
The window shown as 302 in Hguie 3jis the "Senip Browser^ interface used for 

dining objects in the system. AscanbeseenfromviewingFigureS, window301 isa 

' . f . . . .1 

graphical lepresentatibn on a computer sca?jee$ of the structure and leiatibnship of the 

10 objects which were discussed with reference to Figure 2. TTie graphical iqircsentation of 

the objects on window 301 is useful for vie\i7ng and defining lelationships between objects 

uang interface 302 on screen 2fOO. Window:301 also contains die "buttons" "OK" 310. 

. .;'<^iifeel^311and '"Button^T aiiarea^ 

"seicaed*" cause a q)ecific function to oa 

; 15 as39puangariinputdevice^s^ 

d^c^g a buiton. siichas MBL^ "pK*^^^^ 

Hgu^ 3 when aii operation has been indica^i ca die dispIsQf diat di& user wis^ to 
„ J*^*^" ^ ^8 cw^ 390 when an operaddn has been initialed 

that the user now wiishes to abort HnaUy. window 301 comprises a "Help" button 312 
20 which is selcaed uang cursor 390 if a user desiiesad^tionalinfc^ 
provided by screen 301. 

Ais is sihown id t^gure 3. windowS^^ 
352, 344, and 34flL Each of the coluouis will contiun named objects within an object class 
once an icon for die class has been selected in a certain nnannCT on window 30L Each of 
25 the displayed columns has a header field 33?, 333 or 334 associated witfi it which disphiys . 
dienameofdiedassofdieobjectswhidiarfeshownindiecorie^ Ifdieie 
are more objects than is posable to show on die column of browser window 302, then die 
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icifiainder of the objects are not displayed and nsay be viewed by selecting down arrows 
355, 358 or 361 causing the corresponding column to "scroll" downwanL In addition, if 
the user has already scroUed past information which he now desires to view, he may 
"scroll" up on the list of itrais shown each of the columns 352. 344 and 349 by selecting 
5 die ccmesponding np arrows 353, 356 or 359 using cursor 390. Hiis causes objects in the 
dass to come into view from the top of each column. Lastly, for scrolling infonnation 
manually in each column, the user may select and move oiie of the sliders 354, 357 or 360. 
While selected by holding MB 1 , the user may slide up or down in each of the lists shown 
in the corresponding columns undl an object which the user wishes to view is displayed in 
10 die column. Arrows 341, 345 and 349 woik similarly for object names that extend to the 

■••'•V 

left of die currently displayed infc^madon in each the colupn. Right anows 343, 347 and 
351 wc»k in a similar manner for object names diat octend to tfaeri^t of the cunoidy 

displayed information in each column. SBdcrs 342, 346 and 350 work in a similar manner 

• **■ ■ - , ■ . ' . • • ; • '■■ 

to sliders 354, 357 or 360 but in die horizontal direcdons shown in Rgurc 3. Lastly, 

, ^ 15^ _ vmdo^^ slider 339 a^^ in a sm^^ in^ to the other sliders; 

but are used fw displaying additional coluninaiiQtciii^ ipn windoy/ 301 ln\ 

odier words, if diere is a cdumn p the left of die column^ |uiTendy displayed in w|ndow 

302, then left axiow 338 may be selected and die next left^olumn will be displayed. Right 

arrow 340 worics in die right direction in Hgure 3 for columns diat a user wishes to 

20 display. Slider 339 will work in eidier direction when die user selects it and moves die 
input device (and dius die dider) in die desued direction. The user does this while MBl is 
depressed and sUder 339 is moved so diat the column he wishes to view is <fisplayed. 
Also, clicking on slider 339 wfll "scroll** die column display one cdunui in eidier direction 
dqiending on \(^at area of the slid^ is selected. 

25 Also included on browser window 302 in Hgure 3 is die front/back box 336 and 

the size box 337. 336 is used wrihen multiple windows re^e on a terminal screen such as 
111 or 112 shown in Hgure 1 and a user wishes to bring die current browser window 302 
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■ toihefircmtofaU Ihedispbyedscrecnsforeasy access. Sinccs^ 
dispky mdtiple wiirfows on sciwns 111 aiid'n2, this is a convenient featu^ 
interface. FuithCT, size box 337 is used for shiinking die browser window 302 to a 
i^uc^sizBsodiatttenseriiuiyopeRaeona^^ » 
5 1 11 or 112. Lasdy, window 302 cotiqiiisesa close box 335 which, when sdected by a 
user "doses" die browser window 302 display (i.e. make&it disappear fiom the scre^ 
exits dwse functiwis). The foregoing featurts such as the up/down Jeft^ght anows^ 
slidos, close, aze and fix>nt/back boxes are all standard features provided by the DECs 
DEC-Winttows intei^ace. The nature of die.ii|roimad(»i di^Iayed and did fonnat in which 
10 thqr are diq>layed are uniqu^ however. ^ 

■ ■■ ■■i . . :■ viEWiNGlrmTFrTC 

<^^«an^leofusingdieuserinterflapeofdiepref^^ . 
f ^instance,inaparticM 

t^C ' " *<^*n&'s»*^33^with ' 
; .V >4; . . V - Wove:cursor 39^^ . . :vv ;^ : 

-20 in«versevideo~whiteletteisonablackbaglqground)toindicate^d^ -> 

Once an icon such as fiuaray objea icon 325 has been sdecied on window 301. die user 
. niustsdeadie.OK.button310^ 

wiUi die factory names residing on system 1(00; Altanatively, an i^^ 
window 301 nmy be doubteKdicked (wo nqiid cHcks of MBl in imm^^ 
25 or(lBru>popolatediecduiim. Thai,diesdectedc(duim352is^^ 
names fioin database 140 of sdectod <*jc« ditts represented 
window 301. For instance, if icon 325 was donbIe<]icked, and cohimn 352 had been 
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selected as the destination column, then colunm 352 would be filled with die &ctory naines 
from die wi^ng database xeinding on database 140. Also, the heading field 332 of 
colunm 352 will display the class name (Tactoiy") of the objects populating column 352. 
When a column is filled, the browser mi^ 301 disappears fiom the display screen 300, and 
5 only window 302 remains. Browser map 301 will be redisplayed when an additional 
column has been selected. Once a colunm has been fiOed in this manner, the next right 
ccdurmi 344 may be filled by sdecdng a nanie listed in column 352. 

VIEWING THE RELATIONSfflPS BjBTWEEN OBJECTS 
10 As shown in Figure 5, one of the factory name^ 500 contained in colunm 352 of 

window 302 may be selected using cursor 390 thus causing the next right column 344 

s . . - . •'•if. * ..." 

(which had been selected as discussed before) to display infoimadon. In the example 
shown in Rguie 5, the heading for the next colunm 3|3 is first selected usi^^ 
and the browser in^ 301 is re-di^layed on screen 3Qp. As is shown in Hgure 5, the 
\S ^ Faqtp^ Layput ppr^on of the.window looks Ae s^^:i^Jiows^ the Process Configuration 
icons, Resouices icons ^^^^ 

329 icons window 301 are now '^gieyed out** Greying-out is the process of dimming 
an icon so that it is not represented in its full intensity.^ Altwnatively, every other pixel on 
each grey^j-out icon of die display is cleared to the ba^dcgiound color, to make thp icon 

20 appear lighter in cdor. Greying-out indicates that the option exists, but are not available 
for selection at dus time the user. When a column is selected, die browser map will 
indicate wtuch otgect rdatioiiship(s) can be displayed,i>y ''greying* out non^sdectable 
icons. So, at this time as shown in window 301, only the factoiy 325, work center 326 
and woric cell 327 icons arc selectable, indicating objects of diese classes only may be 

25 viewed in the ri^t next column. So, as shown in window 302, a particular factory name 
500 in die factoiy name list in colunm 352 may be selected, and colunm 344 will be filled 
widi the names of work cotters associated with diat nkoied object As shown in Hgure 5, 
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Id 



344 now contains fl» names of the >woik centers for the selected "Flint" factory object 500, 
In addition, the heading field 333 contains the class name of the object names ("Work 
Colter") listed in coionin 344. TTic Inowser window map 301 then disappears until Ae 
next column b selected for an opjBiation. Tfusprocess may be repeated in diis fashion until: 
ti» names residing at the lowest levels in flic Inoaichy shown in flie Factcny Layout section 
of browser map 301 are di^layed. :^ 

As shown in Rguie 6, item 600 of coliunn 344 has been sdected die us», and thus 
the system has pqnilated column 348 with die Wlccdl names conresponding with the 
sdected woiic center name 600 in cdunm 344.|in addition, die Systran luis displayed die 
dass name of die object ("Woric Cdl") in die hiiding field 334 of columh 348 of die 
objects which are listed in column 348. Then.|rdie user wishes to view additional named 
objects associated widi one of die listed objects^in column 348, more coia^ 
disiflayed to die right .H>y radier using right air^ 340 or slider 339. Additional cdumns 
aie acces^ as menriwied above, wten die ww" selects ri^ anow 34oW slider 339 until 

:|5. additionjd.coluiDns«|i»jdispteyed(mb^ 

r :.• ;-As shown iifHgnrB7. wiadOw-302ijb^fii5i^^ 
T ' displayed whidi containthe names of wOiOtation object and storage*|»jecte^ 
respectively. lUs was dme in die manner m4tioned abov^^^^^ 
sdecting icons, and diea s^cting hamedobje^ in each fist far^M^dch additional 
20 infomoation was required As shown in HgM47>''Ijne 3" work cdl 7iD^^ 

has been sdecied. and "Prime 1" weak station 702 has been sdected in cohimn 7ia 
. . Notice also, as discussed above, diat die header fields 7Q3 and 704 now contain die object 
class names "Work Station" and "Storage", lespectivdy. Note diat die storage olgea icon 
329 on die browser map 301 is not in a pure hierarchical rdationship widi die woric station 
25 obiecticoa328. Tiusisrq>resentedbybemgtodieri^tofworicaationobjecticon328 
on browso^ window m{9> 301. Iidiefactoiy layout sttocuire, all of die objects are in a 
one-to^naiqrrdatioosfiipexcq» for woric stations and straage. That is. "Line 3" wcnk cdl 
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701 shown in Hguie 6 will only map to one woik center *'Paint T 601 shown in Hgure 6 
and the "Paint V weak center 602 will only map to one factory "Flint" SOI shown in 
Figure 5. However, sK>Tage areas and woik stations are in a "niahy-to-many"^reladonship. 
That is, many storage areas may be both input and oui^ut areas from several work stations. 
S For instance, as shown in Figure 8, "Prime 1 " work s^tion 702 may have as ou^uts 
shown in column 711 "Pdme Storage T, "Rrime Storage 2" and "Prime storage 3.** As 
shown in Rgure 8, Trime Storage 2" 801 shown in column 711 may be selected. This 
stmge area may dien be an input (a "feeder") to additional work stations "Finish 1" and 
Tinish 2" as shown in column 802 in Figure 8* Therefore, in this particular factory 
10 environment, a given item may be painted with primer.paint at die work station named 

Trime I" 712 as shown in Hgure 8, and then be stor^ in "Prime storage 2" 801 shown in 
cohimn 71L This area may dien "feed into" finishing;work stations "Finish 1" and "Finish 
2" shown in coluitm 802 for a final paint job. ^ 

In addition, storage areas may feed into other storage areas, or alternatively, work 
IS stations may feed into odierworic stations. This is accomplished by selecting thp next 
column to the ri^ in window 302, and selecting the 6b^ icon on window 301 a second 
time to show woric statk>n-to-wprk station relationsMp^ or si^^ 
relati(»iships. An exao^le of this is shown in Kgure 9. As shown in Hgure 9, column 
710 is populated by objects of tiie work station class and the "Prime 1" woik station 712 
20 has been selected. Then, wpric station icon 328 on window 301 may be selected a second 
time causing the next column 900 to the right of column 710 to contain the list of output 
woricstaticms. A particular work staticm "Prime l" 7l£inaythra feed (firecdy into 
stations "Hnish T and "Hnish 2" shown in column 900. Woik stations can then feed into 
oiher work stations in this exan^le and no storage area is required as shown in Hgure 8. 
2S Alternatively, storage areas may feed into other storage areas. An example of tiiis is 

shown in Hgure 10* For instance, a storage object wipi die name "Prime Storage 1" 1002 
incolumn lOOOoflogure 10 m^ be selected. Hien the storage (4>ject icon 329 on die 
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»»»wserimp301maybesdectedagainthiispopulatm 
colimm im Thus, the storage objea T^ne stoni^ 

other storage objects -ftime Storage 2" ami "Prime storage 3" shown in cotamn 1001; 
TWspaiticiilarsitaationniiyariseifones^OT^ 
5 paint to dry. for example, and anodwr storage area was used for input parts to finishing 
woiic stadons once the parts were dry andieady for additional painting.- In summary, for 
storage or woik station objects while nsih^ ti» browser window 302. 4lamns to die left of 
odier cdumns aieconsidcied "feeder" objects, and objects listed to the right of a column 
an5considered'consumer"objccts. Becau^ofdie''self^ing*'capa6lityoftheworic 
10 station and storage objectsrqwesented by icons 328 and 329 in window 302, both of tiiese 
icohswinrBmainungieyed(sclectabIe)Wfes^ 
and wiU have a double bonier indicatmg diit they arc setf^ j 

Similariy. object icons residing in tiie Trocess Configuration" ^on of window 
SOfmayalsobeusedtopopulateooInmnsSn window 302. For instonci die "Item" object 
ioon320onwindow301wbesdeci6diidtto^ 
ooWiimllOOittRguielli of window 3Cas 
6la« "Item" will fepficedintoAeheadii^ 
odierintenelatedolgectsiqiiesentedbyicw^ 
cphiDMusin window 302. RguiBllbshcrt^^^ 

anoflier object icon &k "Coinponents" 323'has been sdected hy the usei^ Notice that 

coimm heading 1102 has die name "Components" and column 1 103 remains untided. 
Notice also diat die "Item" icon 320 has a d^uble-bonierindicaring fliatit B 
similartotfieworkstationioon328andst£geicon329.dis^ Asshownin 
RgurBl2.anitemnanieha8beenselectedfecdnmnll0afljuscausing^^^ 
25 befilledwiditiiejiainesofolaectsinthecon^^ 

name"Door(ftontrighO" 1201 shown in c^im AU^^ 

comprising die item name 1201 highlightedlin column 1100 are now contained in column 



15 



20 



wo 92/08184 



PCr/US91/08043 



17 

1200. Components object icon 323 may be selected again thus giving the bill of materials 
for each of the components comprising tfie item. Note that items in the process 
ccHifigurationsecticm ate not in a hietaichical lelatimship. In other words, after a column 
is selected and filled, all of the other icons remain selectable (ungreyed). Work orders may 
S be associated with test plans, and scripts may be related to certain components. A wide 
varied of objects may be interrelated with (me another in the Process Configuration 
\ section, so not all of the possible relationships are shown on tbd browser menu 301, or 
Hgure 2, but tiiey are indicated when the next column is selected [Note: "greying out" 
; accurately shows all possible relationdiips]. 
10 Alternatively, column 1 100 may be sdected and list objects having other types in 

i the Process Configimition secticm of the Browser Map 301 shoWn on Figures 11a and lib 
; by selecting tiie "Test plan" icon 321, "Work order" icon 322, "C3omponents" icon 323,^ or 
- "Script" icon 324. This will list all objects in column 1 100 having that ^pe. Then, column 
■ 1 103 may be selected and the "Item" icon 320 be selected for a g^ven name in column 
IS '1 100, to fill column 1 103 widi the iiarnes of an items having a j^airticular lest plan, script, 
? woik order or item containing a particular component Therefolit, if a component becomes 
{ in shon supply, a factory noanager may dewmine whether die liianufacture of certain items 
: will be a£fected by die lack of those componoits arid dius, he cah plaii accordingly. 
In addition to viewing the relationship between cenain diqem 
20 - functions may be performed on various items shown in window 301. For instance, with 
reference to Figure 13, cursor 390 may be used to "puU down" a menu 1308 from the left 
side of window 302. A "pull down" is accomplished by sdectiiig and holding MBl while 
pdnting cmsOT 390 at the control option 1304 in browser 3^ 
vertically down until the desired option is reached. When the option is reached, MBl is 
25 released, selecting tiie option. So, the user would select MBl, fcnrinstance, while pointing 
at "Control" 1304 on window 302, and continue to depress MBl while moving the cursor 
to die "Quit" option 1301. Whfle MBl is depressed, die cursor is "dragged" to an 
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appiopriate position and released thus causing ifaat particular cominand to occur. The 
"Quit" q)tion 1301 is used to exit the lHo\^er menuand return to otha- functions provided 
wi^ system 100. Li an ahemative embodiment, a "New" option on pulldown menu 
1300 shown in Hgure 13 m:^ be used to oeate a new browser with blank 
5 another dinnativeCTbodiinent, a "Duplicate" qidon may be used to copy the current 
relationshq)s in die di^layed browser to alnew browser. 

In a similar manner, as shown in l|gwe 14, the "Acdon" menu 1400 rray be puBed 
down in die same manner as menu F300 using cursor 390. The "Action" menu 1400 
cgpoates on object having the selected name. The "New" acdon 1401 under the "Action" 

10 menu 1400 will display a blank object editor. The class of object to be created is identified 
by die heading of die sdected colurim. Tlw "Edit" option 1402 is used to modify existing 
objects. Object editws are bqrond the sco^ of diis invention but allow a user in die 
preferred onbodinient to <^ge relationslups boween oigects, change the^name of an 
olgect or modify bdier variables (eg. di^ t^paciiy for a madiine olgect) associated widi die 

15 object The "Re&Bsh" oprion 1403 win si^ly re-lay die information 

givwi column. This is done, by'selecting fie column which tHe user wishes to reftesh, and 
dien selecting tha *^efiesh" option 14b$ pull iown window 1400. "Refe^" option 
1403 will show any ad(fitions, ddetions. cGirections done to diedatab^ since die last 
tiine browser window 302 was diq)layed:f 

20 "Clear' cation 1404 is used for ieSoving an information fom a partici^ 

on browsCT window 302. Since cohmmsK) die right of die cleared column are related to 
die infomation in die left-most selected cqlumn, all of diecolumns to dieiightof die 
selected column are also deared. The "Brcwser Map" option 1405 is used if the user 
vnshcs lo vi«w taowser map 30 1 prior to ^decting additional items fiom within a odumn. 

25 ThisanowsdieusertodefineiiidiattypeQfobjectausernowwishestoviewinooIumnsK> 
dieiig^ (tf die currently active cdumn. I^nally, "Validation Table" option 1406. is used to 
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establish a list of valid attributes of a factoiy object Tbis particular action is outade the 
scope of the present invention. 

Thus, an invention for viewing relationships in a factory floor management system 
has been described. Althou^ the present invention is described particulariy with refereni^ 
5 to Figures 1 throu^ 14, it will be apparent fo one skilled in Ae art that tfie present 

invention has utility far exceeding that disclosed in the figures. Itiscontenoplatedthat . 
many changes and modifications may be made by one of ordinary skill in the ait, without; 
departing from die spirit and scope of the invention, as disclosed above. ^ 
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CLAIMS 

What is claimed is: 

1. A method of displaying the rdadonsHip of objects in a fedoiy on a computer 
system display, comprising the f ollo^g steps: 

a. displaying a first icotu Ae first icon representing a first class of factory 
objects; | 

b. <*ispfaying a second icon. the|ec^^ 
factory objects; 

c: displayinga first connects connecting die first icon and the second icon, 
the first connector rq>iesenting the idarionsfaip between the first and the 



second dass of factory objec^; 
d . selteting the first icon; :^ 

e: displaying a first list of nam^ of aD objects comprismg die first class of 
factory dtyects; V 

-r ■ 

f , selectmg a first name from ^ fiist list of names; and 
i| ^layjngasecbmllistofnan^ 

objects aissbdated with the o|ect from die first dass'having the first name. 



f- 



'2. Tliemetfaod<^C3aim IJfmAerc^^ 

a; displaying a diiid kxm, the diiid icon nqpiesenting a thiid dass of objects; 

b. flaying a second connector, the second connector connecting the third 
and secOTd icons and rcpiesd^iting the idadonship between die second and 
the diirddassof objects; '^r 

c. sdeciing a isecondnanoefromrtbe second list of name^ and 

d. displaying atididUst of names of aUo^ects in dwthiid class of fecioiy 
objects associated wifli the 6b|sGt from die second class having die second 
name. 1 
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3 . The method of ciaim 2 wheidn the firsts second and thud classes of factory objects 
comprise lesources in a factoiy. 

4 . An apparatus for displaying the relationship of objects in a faqtcny on a computer 
systen^ display , conoprising:. 

a. means for displaying a first icon, the fist icon iq>ieseiiting a first dass of 
factoiy objects; 

b. xaeans for displaying a second icon, the second icon r^resenting a second 
class of fiactqry objects; , 

c. means for displaying a first connects cx>nnecting the fi^ 

second icon, die first connector lepresendng the relationship between the 
first and the second class of factory objects; 

d. means for selecting the first icon; 

.e* ^jmeansfordiq)layingafirst.Hstofnaipes.p 
. class (tf £actaty otgects; . . : . 

f . means for selecting a first name firom die first list of ti^noes; and 

g. a means fcr displaying a second list of names of all objects in the second 
class of factoiy objects associated with the object from the first class having 
the first name. 

.■• 

5. The apparatus of Qaim U funher comprising: 

a. means for displaying a third icon, the third icon representing a third class of 
objects; 

b. means for di^laying a secixid connector, the second connector ccmnecting 
die diiid and second icons and representing die idadoi^ship between the 
second and die diiid class of objects; 
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c. naeans for sdecting a second name fiwn the seccmd list of 

d. ameans for displaying a tiiiid Kst of names of all objects in die thiid class of 
factoiy objects associated with the object fintnn die second class having die 
secondname. 

6. Tlieaiqiaratus of daim 2 wherein die fim. second and thin! classes of ^ 
-objects each conopriste resources in ia factoiy. 
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